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The study utilized Landsat imageries of 1985 and 2000 (Landsat Thematic Mapper (TM)), 2010 
(Landsat Enhanced Thematic Mapper plus (ETM+)) and 2020 (Landsat Operational Land Imager 
(OLI)) to examine the trends in landuse/landcover dynamics in Mbaav 1 Forest Reserve. Percentage 
changes in landuse/landcover types for the years wee d termined. The analysis indicates that dense 
forest area which covers 1.50 km2 at 86.93% of the total area of the forest in 1985 has been converted 
to other landuse. In the year 2020 virtually most of the dense forest area has been transformed owning 
to rapid increase in land clearing for farming purpose. For 35 year period (1985-2020), dense forest 
areas experienced a continues decline of about 17.49% cover lost annually to other land cover/ land use 
types especially agricultural lands. This indicated a negative drive on the fauna species of the forest as 
large portions of the habitat are completely lost. 
 
 
1. Introduction  
 
    Evaluation of Land use/ Land cover dynamics is cr tical for fauna conservation, sustainable land use and 
monitoring in protected areas (Alarape et al., 2018). Protected areas (PAs) like forest reserves that are meant to 
protect the integrity of the ecosystem for present and future generations and also serve as the cornersto  for 
biodiversity conservation have been occasioned by habitat losses and degradation. The most important global 
environmental changes that affect PAs are land cover and climate changes (Turner & Meyer, 1994). However, 
good management and knowledge towards the effect of land use and vegetation cover degradation in relation to 
fauna species habituation is crucial for species conservation. This is particularly true in changes in forest-
farmland subjected to rapid anthropogenic habitat al eration for agricultural practices (Ogunjimite et al., 2007; 
Tharmalingam and Downs, 2005; Uloko & Yager 2017).  
 
    Land use/land cover dynamics prone to land fragmentation and habitat loss pose a threat to biodiversity 
(Pereira et al., 2010). About 75% of the original forest/wildlife habitat in Nigeria has been lost (Afolayan et al., 
2004). This has affected habitat resource within these ecological systems in most protected areas including 
Mbaav 1 Forest Reserve. 
 
    Human-induced land cover degradation can intensify by removing plants that gives cover and control erosion 
(Sharifinia & Mahdavi, 2011). These could result to the disappearance of many rre and palatable species in 
favor of unpalatable and invasive plants species (Rajabiet al., 2010). When range forage resources are used 
without appropriate planning, there will be a downward trend in vegetation and subsequently, a reduction in litter 
amount, so that it leads raindrops to directly hit bare soil which will intensify erosion (Jafari et al., 
2009).Economic demands and human persuasion have led to land use and range changes which are responsible 
for major biodiversity loss globally (Kleijn et al., 2009). The implications of dynamics in land use practices on 
range ecosystem are least known. Layers of structural changes of land and forest trees generally affect auna 
species composition and diversity negatively (Balum et al., 2009; Alarape et al., 2018).  
 
    Fauna species especially mammals are indicator species to study ecological degradation such as structural 
dynamics of Protected Areas for conservation and management plans (Crooks, 2002). The use of remotely 
sensed data is vital and important to classify and identify land transformations over years. This can be effectively 
beemployed on large portions of land like protected areas. Remote sensing is the process where objects are 
measured and information obtained from a distance without direct physical contact with them (Jensen, 2007; 
Lillesand et al., 2008). Remote sensing has been used in land cover change detection studies at local (such as 
PAs), regional and global scales from the mid-1970s (Lambin et al., 2003). It provides basic datasets, 
quantitatively and spatially, as information for analysis and interpretation of land cover changes, which are 
useful for decision-making processes and planning. Geographical Information System (GIS) on the other hand, 
uses spatial and descriptive data for mapping (Harris et al., 2002). Both concepts, although applied separately 
can be interwoven. They are however, linked together in play of functions (Harris et al., 2002). The research 
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seeks to analysed the landuse/land cover dynamic using ArcGIS in Mbaav 1 Forest Reserve and states its 
implication on fauna species habituation in the study area 
 
2. Materials and Methods 
 
2.1. Study Area 
 
    The study area is the Mbaav 1 Forest Reserve (MFR). MFR was created in 1976, located in Ikyonov Council 
Ward of Gwer LGA Benue State and lies between Latitude 7º 16’ 22’’N – 7o 17’ 15’’N and 8º 23’ 23´’E - 8º 24’ 
5´’E in the middle belt region of Nigeria (Figure.1). It has a total area covering approximately 3km2. The area is 
distinguished by two different seasons dry and wet in the southern guinea savannah. The climate of the place is 
tropical sub-humid climate with high temperatures; high humidity; average maximum and minimum daily 
temperature of 35° and 21°C in the wet season, 37°C and 16°C in dry season respectively. The mean annual 
rainfall value is 1200 mm to 1500 mm and relative humidity is between 60% and 80% wet but decreases in the 
early months of the dry season (Jimoh et al., 2009). The vegetation of the area is described as Northern Guinea 
savannah that stretches as far as Avetse River (Jimoh et al., 2009). 
 
   
Figure 1. Map of the study area 
 
 2.2. Data Collection Procedure 
 
a- Image classification 
 
    Four (4) multi-date Landsat satellite imageries were employed; Thematic Mapper of 1985 and 2000, Enhanced 
Thematic Mapper (ETM+) 2010 and operational land imager (OLI) of 2020 ( Table 1 and 2).  
 
Table 1. Satellite Data Characteristics 
S/N Sensor Path / Row   Source  Year of Acquisition Scale/resolution 
1 TM 188/55 Earthexplore 1985&2000  30 
2 ETM+ 188/55 Earthexplore 2010  30 
3 OLI 188/55 Earthexplore 2020  30 
 
Table 2. Software Components 
S/N      Software             Purpose 
1 Idrisi & ArcGIS 10.3 GIS analysis and classification 
2 Microsoft Excel Statistical analysis 
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    The Classification System was based on Anderson et al. (1976) land-use/land-cover classification scheme, the 
various land-use/land-cover types is modified in to five classes within the study area. Based on prior kn wledge 
of the area and field survey, a classification scheme on Anderson et al. (1976) and Andersen (1998) level 1 
classification was adopted and modified into five classes  representing dense forest, vegetation, agricultural land 
(farmland), bare surface, water body. A per-pixel image classification method for ground cover analysis was 
used through a supervised classification algorithms which is the process of using samples of known idet ty to 
classify unknown identity, The maximum Likelihood Method was used, because it is one of the best 
classification method which assigned pixels to the class with the largest probability to determine class ownership 
of a particular pixel (Figure 2). 
 
Figure 2. Summary diagram of the methodology adopted from (Acha and Aishetu, 2018) 
 
b- Change Detection Techniques 
    Three main change detection methods that have been previously applied by several researchers (Adeniyi & 
Omojola, 1999; Ikusemoran et al., 2013) were employed in this paper, they are:  
 
 Change Detection by Area Calculation 
There are three steps in calculating change detection by area calculation 
The first step is the calculation of the magnitude of change, which is derived by subtracting observed change of 
each period of years from the previous period of years that is OC – PC ….  1 
where; OC = observed change and PC = previous change 
The second step was the calculation of the trends, that is, the percentage change of each of the land-use, by 
subtracting the percentage of the previous land-use from the recent land-use divided by the previous land-use 
and multiplied by 100;that is(B-A/Bx100) …………………. 2 
where; B = % of previous landuse and A = Recent landuse 
 
The last is the calculation of the annual rate of change by dividing the percentage change by 100 and multiplied 
by the number of the study years, that is, thirty (35) years (1985-2020). 
that is ARC = % change/100 x N. …………………………………………………… 3 
where;  ARC= annual rate of change, N= number of study years 
 
 Change Detection by Nature  
The nature of change was derived by map overlay. Each of the four classified images in Fig.3-6 was exported 
using the TIF. (Geo Tiff), TIFF for map over 2111 lay and analysis into ArcMap. The area of the features in each 
image was then calculated through the area module of the ArcMap to generate the magnitude, trends and the 
percentage change of each of the features in each image. 
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2.3. Statistical Analysis 
 
    Histograms of the classified images were used to provide the information of the total area coverag of each 
class theme from the different images. Simple percentage tables were used for the statistical analysis. Change 
analysis was carried out to examine the change in built up area between 1985– 2020 in order to determine the 
extent of land use and land cover change. 
 
3.  Results and Discussion 
 Classification of the various Land use/Land cover of Mbaav 1 Forest Reserve 
The classification results for the Land use and lan cover change of the study area (Mbaav 1 forest reserv ) was 
presented using charts and tables for illustration and interpretation of the various land use categoris of the study 
area. There are five (5) LULC classes distinguished after the classification for 1985, 2000, 2010 and 2020. These 
classes include dense forest areas, vegetation cover (savannah), agricultural land (farmland), bare surface and 
water body. 
 Landuse and landcover Analysis of 1985 Imagery 
Landuse and landcover analysis of 1985 imagery of the s udy area (Figure 3) reveal  that dense forest cover was 
the most dominant land cover features covering about 1.5003 km2 (85.93%) of the area. This is found at various 
sections of the map on the study area most especially at the western, northern and south west section of the map. 
This is followed by savannah vegetation cover which o cupies an area of 0.1341km2 (7.68%) of the total land 
mass of the area. Agricultural land (farmland) on the other hand occupies an area of 0.0684 km2 (3.92%) the 
total area, this is found majorly at the northern and south section and in patches in other areas. In addition, bare 
surface areas, which occupy an area of 0.0342 km2 (1.96%), were found typically at the northern and central 
section of the study area. Water body covers an area of 0.009 km2 (0.51%). 
 
 
Figure 3.1985 Land use/Landcover distribution Map generated from LandSat 4 TM 
 
 Landuse and landcover Analysis of 2000 Imagery 
    There were changes that have taken place over tim  and space from the year 1985-2000. In figure 4, it can be 
observed that there is a transformation in the spatial distribution of the land use/land cover types in the Mbaav 1 
Forest Reserve (MFR). Worthy of note is the transformation dense forest area to savannah vegetation by 
farmland (Agriculture land) and bare surface. That is; forest area decreased from 1.5003 km2 (85.93%) in 1985 
to 1.2681km2 (72.67%) in 2000 due to population increase, demand for fuel, charcoal and food. Vegetation 
increased from 0.1341km2 (7.68%) in 1985 to 0.2655 km2 (15.21%) in 2000. The vegetation increases towards 
the north and south section of the map. Also, agriculture land increased from 0.0684 (km2) (3.92%) in 1985 to 
0.153 (km2) (8.77%) in 2000. This increased may be due to human needs (increased production of food, 
deforestation among others). On the other hand, there was a slight increase in bare surface from 0.0342km2 
(1.96%) in 1985 to 0.0504 km2 (2.89 %) in 2000 and water body from 0.009 km2 (0.51%) in 1985 to 0.0081 km2 
(0.46%) in 2000 respectively. This indicates that expansion of human activities and other developmental 
activities have change the land use and land cover pattern of the area for 2000. 
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Figure 4. 2000 Land use/Landcover distribution Map generated from LandSat 4 TM 
 
 Landuse and landcover Analysis of 2010 Imagery 
    In 2010 as presented in (Figure 5), continuous decrease of dense forest areas within the ten-year time period 
from 1.2681km2 (72.67%) in 2000 and now accounts for about 0.8631 km2 (49.46%) was observed. Savannah 
vegetation continues to increase from 0.2655km2 (15.21%) in 2000 to 0.5598 km2 (34.02%) in 2010 which may 
be attributed to an increase in deforestation activities in the area. Agricultural lands on the other and increased 
from 0.153 km2 (8.77%) in 2000 to 0.2511 km2 (14.39 %) in 2010 which indicates that farming activities has 
increased greatly in the area. Similarly, there wasa slight increase in bare surface from 0.0504 km2 (2.89 %) in 
2000 to 0.0594 km2 (3.4 %) in 2010 and water body from 0.0081 km2 (0.46%) in 2000 to 0.0117 km2 (0.67%) in 
2010 respectively. This indicates that expansion of human activities and other developmental activities have 
change the land use and land cover pattern of the area for 2010. 
 
                           Figure 5. Classified 2010 land use land cover distribution geerated from LandSat 7 ETM+  
 Landuse and landcover Analysis of 2020 Imagery 
    The 2020 satellite image analysis of the study areas in (Figure 6), reveals that vertualy most of the dense forest 
areas have been transformed into another landcover/land use types. Forest area reduced drastically to 0.6624 km2 
(37.91 %) in 2020. The expansion encroached on the forest area mostly towards to eastern, western and ce tral 
section of the study area. Savannah vegetation decreased to 0.4311km2 (24.68%) in 2020 from 0.5598 km2 
(34.02%) in 2010 in which may be attributed to increase the forest exploitation and deforestation activities in the 
area. Agricultural area now occupies from 0.2511 km2 (14.39 %) in 2010 and now is accounted for about 
0.3789Km2 (21.69%) which indicates that farming activities have increased greatly in the area. The increase in 
agricultural lands can be attributed to the increased demand for food and other agricultural products in order to 
meet the raised demand. Similarly, there was a drastic increase in bare surface from 0.0594 km2 (3.4 %) in 2010 
to 0.261 km2 (14.94 %) in 2020 which may be attributed to open surfaces and water body from 0.0117 km2 
(0.67%) in 2010 respectively to 0.0135 km2 (0.77%) in 2020 respectively. This indicates that increased 
expansion of human and development activities have changed the land use and land cover patterns of the area for 
2020.  
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Figure 6. 2020 land use land cover distribution generated from LandSat8 (OLI) 
 
The area statistics for each year under consideration is summarized on Table 3. 
Table 3.Percentage of LULC Distribution of the Study Area (1985, 2000, 2010 and 2020) 
LULC 1985 2000 2010 2020 
Land Cover Category Area 
(Sqkm) 
Area 













Dense Forest 1.5003 85.93 1.2681 72.67 0.8631 49.46 0.6624 37.92 
Savannah vegetation 0.1341 7.68 0.2655 15.21 0.5598 32.08 0.4311 24.68 
Agricultural Land 0.0684 3.92 0.153 8.77 0.2511 14.39 0.3789 21.69 
Bare surface 0.0342 1.96 0.0504 2.89 0.0594 3.4 0.261 14.94 
Water body 0.009 0.51 0.0081 0.46 0.0117 0.67 0.0135 0.77 
Total  1.746 100 1.746 100 1.746 100 1.746 100 
 
 Magnitude and Percentage Change of LULC Between 1985 and 2000 
    The magnitude of forest change for 15 years betwe n 1985 to 2000 showed that forest area was on the 
decrease by -0.2322 km2 representing a change (49.26%) with annual rate of change of 7.44% of the total change 
for the period as shown in (Table 4).The result furher reveal that forest cover had the highest annual rate of 
change of 7.44% while water body had the least annul rate of change of 0.03%. This agrees with the findings of 
several authors such as (Hammadet al., 2017; Jande & Amonjenu, 2018) who observed that natural vegetated 
and forest areas in most Nigeria communities have been decreasing in recent years to major human demands and 
activities imparting negatively on our range resources. 
 
Table 4..Magnitude and Percentage Change LULC Between 1985 and 2000 
 









of Change % 
   Remark  
Dense Forest  1.5003 1.2681 -0.2322 49.62      7.44 Decrease 
Savannah vegetation 0.1341 0.2655 0.1341 28.65      4.29 Increase 
Agricultural land 0.0684 0.153 0.0846 18.08      2.71 Increase 
Bare surface   0.0342 0.0504 0.0162 3.46      0.52 Increase 
Water body 0.009 0.0081 -0.0009 0.19      0.03 Decrease 
Total 1.746 1.746 0.468 100   
 
 Magnitude and Percentage Change LULC Between2000 and 2010 
    The magnitude of change for the 10 years period between 2000 and 2010 shows that there was a further 
decrease in forest cover with an area of -0.405 km2 representing 50% with an annual growth rate of 5%.On the 
other hand, the remaining land use and land cover categories are on the increase. Vegetation and agricultural 
land increase to 0.2943 km2 representing 36.33%, 0.0981km2 representing 12.11% with an annual increase of 
1.21% respectively (Table 5). This may be due to the quest for lumbering due to the presence of forest t es and 
farming activities. This agrees with the findings of Ogar et al. (2016) in Stubb Creek Reserve in AkwaIbom state 
where there was marginal increase in the rate of annu l change of forest cover in the last 10 years of their study 
period. Also, water has the least change within the s udy period representing annual rate of change is 0.44%. 
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Table 5. Magnitude and Percentage Change LULC Between 2000 and 2010 









of Change % 
Remark 
Dense Forest  1.2681 0.8631 -0.405 50 5 Decrease 
Savannah vegetation 0.2655 0.5598 0.2943 36.33 3.63 Increase 
Agricultural land 0.153 0.2511 0.0981 12.11 1.21 Increase 
Bare surface   0.0504 0.0594 0.009 1.11 0.11 Increase 
Water body 0. 0081 0.0117 0.036 4.44 0.44 Increase 
Total 1.746 1.746 0.81 100   
 
 Magnitude and Percentage Change LULC Between 2010 and 2020 
    The results of the 10 year’ period between 2010-2020 reveal a further reduction of the land area occupied by 
forest. It shows that forest decreased -0.2007 km2 representing 30.38% with an annual growth rate of 3.04% 
(Table 6). This may be due to the continuous exploitati n of the forest in the study area for one purpose or 
another. Conversely, the bare surface area increased by 0.2016km2 representing 30.51% of the total change. This 
could be linked to the increased cutting down of trees, clearing of the land for farming which has result d to 
increased exposed surfaces. 
 
Table 6. Magnitude and Percentage Change LULC Between 2010 and 2020 









of Change % 
Remark 
Dense Forest  0.8631 0.6624 -0.2007 30.38 3.04 Decrease 
Savannah vegetation 0.5598 0.4311 -0.1287 19.48 1.94 Decrease 
Agricultural land 0.2511 0.3789 0.1278 19.34 1.93 Increase 
Bare surface   0.0594 0.261 0.2016 30.51 3.05 Increase 
Water body 0.0117 0.0135 0.0018 0.27 0.03 Increase 
Total 1.746 1.746 0.6606 100   
 
 Magnitude and Percentage Change LULC Between 1985 and 2020 
    The magnitude of the change for the 35 years peiod from 1985-2020 indicates that, there was a continuous 
decline in forests, the forest decline as it lost -0.8379 km2 (49.97%) to other land cover classes with annual rate
change of 17.49% (Table 7). This implies that 17.49% has been lost annually in the study area for 35 years. This 
was higher than the annual rate of change reported by Jande and Amonjenu (2018) in Apa local government area 
of Benue State Nigeria, and Hammed et al. (2017) who carried out similar research on the application of remote 
sensing techniques and GIS for Forest Reserve Degradation Prediction and Monitoring in Omo Forest Reserve, 
Ogun State, Nigeria. Cultivated land increased by 0.31 5 km2 (18.51%) between 1985 and 2020 at an annual rate 
of 6.48% which was the second highest. This result indicates that 6.48% of the study area is being converted 
yearly for farming activities during the study period. 
 
 
Table 7. Magnitude and Percentage Change LULC between 1985 and 2020 









of Change % 
Remark 
Dense Forest  1.5003 0.6624 -0.8379 49.97 17.49 Decrease 
Savannah vegetation 0.1341 0.4311 0.297 17.71 6.19 Increase 
Agricultural land 0.0684 0.3789 0.3105 18.51 6.48 Increase 
Bare surface   0.0342 0.261 0.2268 13.52 4.73 Increase 
Water body 0.009 0.0135 0.0045 0.27 0.09 Increase 
Total 1.746 1.746 1.6769 100   
 
 
 Implication of Land cover/ Land use Transformation on Fauna Species Habituation 
    Habitant structure and vegetation composition have broad implication for forest quality and species specific 
requirements (Ramesh and Downs, 2015). Its thus varies across taxonomic group and play important role in 
animal distribution, abundance, survival and reproduction (Garden et al., 2007). The lost or drastic decline in the 
dense forest and savannah vegetation structure of the forest reserve has opened up tree canopy. This is connected 
to anthropogenic activities (farming activities, logging, fuel wood collection, charcoal production and fire 
outbreak). Consequently, the present condition of the forest structure is not well suitable fauna species especially 
mammalian which depend solely on forage resources. Presumably, wild animals react to the presence of a
particular habitat layer when the composition and structure is developed beyond some threshold value (Chukwu 
et al., 2017). The decline in forest vegetation composition is really threatening the remaining few fauna species 
and if measure and prompt action is not taken both the vegetation components will be total lost and the area will 
return to total and complete agricultural area. 
Ortyom                                                                  Agric. For. J. Vol. 4, No. 2 (2020) 
 
© 2020 Agriculture and Forestry Journal 
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial 3.0 Inter ational License 
119 
4. Conclusion 
    This research highlights the increasing rate of m dification of forest ecosystem by anthropogenic activities 
and the need to apprehend the situation to ensure sustainable forest management and rehabilitation. Due to 
urbanization, economic development, and rapid population growth, land use/land cover (LULC) is changing  
major cities around the globe. Quantitative analysis of LULC change is important for studying the corresponding 
implication of the ecosystem service value on fauna occupancy and survival that helps in decision-making and 
biodiversity conservation. Habitat destruction in Nigeria national parks is more pervasive for wholesale 
extinction' of biodiversity. The result indicated tha  dense forest area which occupies 86.93% of the to al area of 
the forest in 1985 have been converted into savannah vegetation, farmland and bare surface so that the total area 
other dense forest has now reduced in 2010 and subseq ently reduced again in 2020. It was revealed that 
significant decrease of the dense forest area in the study area during the period under study and the incr ase of 
agricultural land (farmland) and bare surface was as a result of the anthropogenic disturbances by the farmers 
living within the area in searching for food, fuel wood and building materials to survive during needs.  
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